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Is there life somewhere else in the Universe?

Life in icy moonsExtra-solar habitable planets
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Ocean Relicts Kuiper Belt ObjectsSaturnian icy moonsJovian icy moons

Pluto

Triton

Charon

Titan

Enceladus

Dione

Europa

Ganymede

Callisto

Mars

Ceres

Mission Target Priorities
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The Case for Enceladus

Cassini has 

• Discovered a global interior ocean 

• Flown seven times through its large plume

• Detected salts, and thus ocean grains

• Measured a variety of organic molecules 

• Found multiple lines of evidence for 
hydrothermal activity at the ocean’s base

Ice shell

Water ocean

Core of mud and rock
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How was organic material delivered into Earth’s ocean 
as life was emerging about 4 billion years ago?

more reduced                                                                        more oxidized

Analog for organic chemistry on the Early Earth
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Increasing water-rock interaction

Increasing atmospheric density

Titan is a “sweet spot”
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First program steps OW Technology Investments

• $25M appropriated in FY16 

• 16 2-yr ~$1.5M COLDTech study 
projects

✓ Plume Sampling System (Adams, APL)

✓ Integrated Sampling System (Zacny, Honeybee Robotics)

✓ Supercritical CO2 Extraction and Chromatography (Henderson, JPL)

✓ Microfluidic Sample Processor (Ricco, ARC)

✓ Europa molecular analyzer (Brinckerhoff, GSFC)

✓ Luminescence Imager (Quinn, SETI Inst)

✓ Nuclear Mag Resonance spectrometer (Hammer, Univ MN)

✓ Nanopore Sequencing for Life Detection (McKay, ARC)

✓ Nanomotion Sensor for Active Life (Murray, Desert Research Inst)

✓ Lightweight Imagers (Byrne, Univ AZ)

✓ Lander Imager (Maki, JPL)

✓ Ionic liquid miniature Seismometer (Yu, ASU)

✓ Distributed Motor Controller (Bolotin, JPL)

✓ Laser Melt Probe (Stone, Stone Aerospace)

✓ Jetting Melt-Probe for dirty ice (Winebrenner, Univ WA)

✓ Sensing for undersea exploration (Wong, Intelligent Robotics Group)

Europa

Enceladus

Titan

✓ Orbital Recon – Planned Clipper Mission

✓ Surface In Situ – Lander Concept

Ocean Worlds theme in

New Frontiers-4 competition,

Step 1 proposals due 4/28/17

?

?
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Shared infrastructure

Notional SLS launch
• 2-3 years to Jupiter orbit (Clipper)

• Enabling for Europa Lander 

• 5-6 years to Saturn orbit

High-power SEP
• Comparable trip times using standard LVs

• Scalable down for $1B-class missions
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Key technologies common to the key targets

• Planetary protection of and from ocean-world material

• “Life-detection” measurement techniques and instruments

• Sample acquisition, handling, preservation

• Cryogenic mechanisms and electronics

• Modular radioisotope power sources

• Autonomous exploration and science investigation
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Melt Probe Concept

Melt probes have been used to explore 

ice for over 50 years on Earth

length, each with one or more 1-1.25 mm-diameter nozzles in their front melt heads. The 

prototypes were tested in a 5 m ice column at JPL, and on a dirty glacier in Svalbard, Norway to 

a depth of 23m. Those tests showed that particulates occupying 10% of the ice volume and of 

characteristic size 10 microns remained suspended in melt water during probe-passage even 

without jetting. In contrast, 60- to 750-micron particles would arrest the probe at descent speeds 

of 0.6-0.7 m/hr, but could be suspended long enough for passage by water jets with speed 10-20 

m/s and flow rates 1-1.5 liters per minute27. 

 

 

We aim to use jetting only intermittently, to clear small accumulations of sediment at the tip 

of our melt head, without significantly affecting meltwater near the rear (i.e., upper) flange of the 

Figure 2. (a, upper left) Photo of an Ice Diver thermal melt probe just prior to deployment in 

Greenland in July 2013, with annotation of main components. The probe is 1.7 m long, 8 cm 

in diameter at the rear flange, and 6.5 cm in diameter over most of its length. (b, upper right) 

Plot of data on the magnitude of vehicle tilt from vertical vs. time from a tilt-sensor in an Ice 

Diver descending in Greenland at an estimated 6.6 m/hr, during June of 2014. (An offset of 

approximately 1 degree is due to an error in zeroing the sensor output.) (c, lower center) 

Depth versus time for an Ice Diver descent beginning in July 2013, pausing at 80 m depth for 

a year, and then continuing to 400 ± 50 m depth (based on wire resistance measurements and 

confirmed by time-domain-reflectometry at the end of the run)21. 

7

rate, jet velocity, and particle size? From this starting point, we will work toward the first 

published, systematic investigation of dirty-ice traversability as a function of jetting parameters, 

thus supporting flight hardware design, in addition to risk-retirement by hardware demonstration. 

2.5. Field Testing 

The final element of our approach is integration of bench-developed hardware into our melt 

probe and demonstration of its critical functions in the field to an ice-depth of approximately 50 

m, on a dusty alpine glacier in Washington State (Objective 3). For this, we will draw on 

previous experience in field testing our melt probe on Easton Glacier on Mt. Baker. In June 

2011, we cooperated with the Northwest Glacier Cruisers snowmobile club to transport 

personnel and equipment to an area on the glacier at 1500 m elevation (Figure 6), where ice 

thickness is approximately 70 m. The snowmobile club has indicated enthusiasm for cooperating 

with us again in this new field test (cf. accompanying letter from the club president). The PI is 

also experienced in gaining required permissions for other field tests from the National Forest 

Service, specifically in working with District Ranger Erin Euloth and with Sue Sherman-Biery in 

the Lands and Recreation Special Uses Office. We anticipate no difficulty in permitting for our 

new field test. 

 

 
 

We will clean the Ice Diver exterior, pump and sampling hardware, test the cleanliness, and 

transport the probe in a sterile, double-walled polypropylene bag, as described in Section 2.3. At 

the site, we will set up a ‘clean tent’ for cleaning and flushing of the system immediately prior to 

launch, and collect swabs and samples for further assays to verify effectiveness of the protocol. 

We will launch the Ice Diver using a pulley to control descent with a version of the electrical 

power system developed for tests in Greenland. During descent, we will jet intermittently, and 

monitor descent rate versus turbidity of melt water pumped to the clean tent when not jetting. We 

will pump all melt water from above the probe to the surface to prevent refreezing in the hole, 

which would prevent recovery of the probe.   

Demonstration of clean sampling requires that we show samples in fact yield useful 

information (Objective 2). Our first goal will be to determine that the glacier samples are free of 

microbial contaminants detected during earlier tests of the Ice Diver. This requires enumerating 

DNA containing cells, assessing prokaryotic diversity, identifying cultureable microbes and 

measuring concentrations of intercellular ATP. Methods similar to the clean access monitoring 

will be employed for comparisons. We will enumerate cells using SYBR stain and qPCR. The 

16S rRNA gene will be PCR amplified with primers for the V4-V5 variable region66 and 

sequenced using the Illumina pipeline for 16S amplicons or, depending on the number of 

Figure 6. Co-I Elam, PI Winebrenner and  

engineer Chris Siani (left to right) on Easton 

Glacier, Mt. Baker, WA in June 2011, for the 

first test of the Ice Diver melt probe on 

glacial ice. The site is covered in June by 

seasonal snow to a depth of roughly 7.5 m. 

The underlying glacial ice is approximately 

70 m thick at this site, and is observed (after 

seasonal snow melts) to be laden with 

mineral dust.   
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Winebrenner et al

Philberth Probe
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Water-Jet Probe Concept
 

 

 

 

Figure 2.  Cryobot Overview. 

 

 

Figure 3.  Cryobot Functional Control Block Diagram. 
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Legend:

Melting + High Pressure Water Jetting

 
Zimmerman et al
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Laser Heated Probe Concept

Melting + High Pressure Water 

Jets + Laser Power Delivery

Stone et alMay2017 Pre-Decisional 13



Mechanical cutting + Focused Melting

Mechanical Probe Concept

Wilcox et al
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